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APPLICATION FOR UNITED STATES PATENT 

BIOFILTER O R COMPOST SUPPORT ASSEMBLY 

SPECIFICATION 

Background of the Invention 

This invention is concerned with biof iltration via a medium, 
usually a natural medium, which is effective to remove noxious 
odors and components from gases given off by a sewage treatment 
facility or industrial facility. Also, the invention concerns a 
composting arrangement. More specifically the invention concerns 
a modular support system for erecting a biof iltration or compost 
support bed in any desired size and shape, and with provision for 
control of gas distribution through the medium. 

The general subject matter of this invention is addressed in 
U.S. Patent No. 6,255,102, owned by the assignee of the present 
invention. That patent is incorporated herein by reference. 
This invention improves over the modular assembly shown in Patent 
No. 6,255,102 by including an efficient structure and method for 
controlling the distribution of gases introduced into the plenum 



of space below the support system, so that gases are not unevenly 
and inefficiently distributed as they pass through the filtering 
medium. 

Biological air pollution control has been used on an 
increasing basis in recent years to cleanse noxious and odorous 
gases, such as those emanating from a sewage treatment plant. 
The biological filtration systems or biofilters utilize a bed of 
stacked biofilter material such as compost, tree bark, peat, 
heather or soil, generally about three feet or more deep. The 
containment gas from the sewage treatment plant or other sources 
is blown through the biofilter material in an upward direction. 
The material in the biof iltration bed provides an environment for 
a diverse culture of microorganisms, which degrade the gaseous 
pollutants as they pass through the biofilter. 

Such biof iltration or biological treatment of the gases is 
an inexpensive treatment method, but the raw gas stream must 
generally meet certain conditions: The pollutants should be water 
soluble and biodegradable, and free of toxic components. Also, 
there must be sufficient concentration of oxygen. Further, the 
gas stream should be nearly saturated with water (relative 
humidity at least about 95%), and at temperature between about 
40°F and 140°F (more preferably between 50°F and 100°F) . The 
odorous gas must also contain no more than small amounts of dust 
and grease. 



These requirements usually dictate that the raw gas be 
preconditioned before entering into the biofilter bed. 
Preconditioning includes humidif ication, temperature control and 
removal of particulates. 
5 In the biofilter itself, a biofilm covers the substrate of 

tree bark, peat, heather, etc. Water soluble air pollutants are 
absorbed into the biofilm and are decomposed into carbon dioxide 
and water by the microbes. The filter beds are often built on a 
single level, but where area is limited, multiple level 
10 biofilters have been constructed, with the raw gas stream divided 
and fed in parallel to the various levels of the biofilter 
system. 

Regarding sizing of the biofilter beds, the height of the 
filter bed, i,e. the stack of organic material as the medium, is 

15 generally in the range of about 1H feet to 5 feet. Areas are up 
to tens of thousands of square feet. One rule of thumb regarding 
the calculation of needed area for a given waste air flow is that 
the "area load" or ratio between the waste gas flow rate and the 
filter area should be in the range of about 2.5 to 3.0 CFM/SF. 

20 The flow distribution and humidity of the inlet gas have to be 
carefully controlled, otherwise the filter bed will eventually 
clog and cease to function. Distribution throughout the area of 
the filter bed should be relatively even. 

In addition to sewage treatment plants, biofilters are 
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useful for treating the effluent gases from many other processes. 
These include factory farming, rendering plants, coffee roasters, 
foundries, composting plants, kraft paper drying and paint shops. 
The odorous emissions treatable include ammonia, hydrogen 
5 sulfide, amines, aldehydes, mercaptains, alcohols, disulfides, 
esters, fatty acids, unsaturated hydrocarbons, ketones, hexane, 
dichloromethane, formaldehyde, phenol, organic acids, acetone, 
toluene and others. 

These biofilter systems are being used increasingly in 

10 treating the gases from sewage treatment processes and also some 
of the other processes listed above. Also, composting of natural 
materials can be conducted on a similar support bed, for active 
aeration of the compost material. There is a need for a 
relatively simple, inexpensive and modular approach for 

15 constructing a filter bed support for such processes. 

Hallsten Patent No. 5,454,195 discloses a modular 
containment system for preventing hazardous materials from 
leaching into the ground or otherwise escaping a defined 
containment area. That system includes peripheral modules and a 

20 liner to define the containment area, the modules being tillable 
by water or granular material, and the system has some relevance 
to the present invention described below. 

Hallsten Patent No. 6,255,102, referenced above, discloses 
efficient assemblies for erecting a biof iltration medium support, 
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in several embodiments. The patent discloses a means and method 
for directing the flow of gases within the plenum comprising 
vanes which could be adjusted as desired, on erection of the 
filtration support, to deflect the moving gases. However, there 
5 is a need for a system capable of adjusting for proper air 

distribution after erection of the modular support structure, so 
that gas flow distribution can be tuned to maximize even 
distribution by actual testing after the structure has been fully 
erected. This is an object of the present invention described 
10 below. 

Summary of the Invention 

The invention provides an efficient and inexpensive solution 
to erection of a biofilter support bed of desired area, using 

15 modular components. The components are quickly assembled on a 
flat site which may be unpaved ground, and with capability to 
produce many different sizes and rectangular shapes, as well as 
areas, of a filter bed support to retain a biofilter medium. 

The support modules are similar in concept and for the most 

20 part similar structurally to those shown in Patent No. 6,255,102 
described above, particularly in the embodiment shown in Figs. 7- 
9, but with some differences. Pursuant to the invention, 
particularly in an assembly having a length greater than its 
width, a central longitudinally extending row of special modules 
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is included. This series of contiguous modules is designed to 
control the flow of gases for balanced distribution throughout 
the plenum below the stack of biofilter medium. The modules in 
this row may have fewer or smaller openings than the remaining 
5 modules in the support bed, or these modules may have no openings 
at all. 

In one preferred embodiment, the gas distribution modules 
comprise rectangular units with legs extending from corners, such 
that a contiguous air space is defined through the length of a 

10 row or series of such modules. Each gas distribution module has 
a slot at each lateral side, the slots extending in vertical 
planes such that the left-side slots of all modules in the row 
are aligned, and the right-side slots of all modules in the row 
are aligned. The system includes slide gates which assemble down 

15 into the slots and which, if the gates are full-size, will 

completely block the side space between legs of the distribution 
module, such that gases are blocked from flowing laterally out 
from the channel space within the distribution module, confining 
the gases to longitudinally flow through the row of such modules. 

20 However, for a balanced system very few of the modules will 

receive full-size slide gates. The slide gates can be pre-formed 
or trimmed to any size needed, such that they .extend only part 
way down to the floor or ground, to any required degree, or such 
that they do not block the entire length of the space between 
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legs of the module. 

In the situation where the inlet for gases is at or near one 
end of the plenum defined by the filter bed support, which it 
usually is, the row of distribution modules is arranged such that 
the gas inlet is below one of these modules. Generally, in the 
immediate vicinity of the gas inlet, the slide gates will be 
fully blocking lateral gas flow, and, more distant from the 
inlet, the slide gates will leave larger and' larger openings. At 
the remote end from the gas inlet, the slide gates will not be 
used, allowing full flow out of the distribution module area. If 
the row of distribution modules is off center in the rectangle of 
the assembly, the slide gates can be sized differently at the two 
sides of the row, allowing greater gas flow where the larger area 
is served. 

The invention permits the entire modular filter bed support 
system to be erected, and subsequently flow-balanced. Thus, once 
the system has been erected, air or other gases can be delivered 
into the plenum, at the prescribed flow rate which will be 
encountered in actual use. An air flow meter can then be 
placed at a multiplicity of different positions over groups of 
the gas exit holes in the tops of the modules of the assembly, 
measuring air flow at many different points. Once this is done, 
the slide gates can be installed in an approximate configuration 
attempting to obtain the desired even distribution. Rather than 



cutting "slide gates to a final dimension, or bringing to the site 
pre-formed slide gates intended to create the proper flow 
distribution, the full-size slide gates can be clamped, jammed or 
otherwise held in temporary positions, then another check of air 
flows at various points can be performed. In this way, over 
several iterations, the operator can obtain the optimum balance 
of flow for this system. 

It is therefore a primary object of the invention to improve 
over Patent No. 6,255,102 in the area of balancing gas 
distribution in a modular support for a biof iltration system. 
This and other objects, advantages and features of the invention 
will be apparent from the following description of a preferred 
embodiment, along with the accompanying drawings. 

Description of the Drawings 

Fig. 1 is a perspective view, partially broken away, showing 
an assembly of filter bed support modules in accordance with the 
system of the invention. 

Fig. 2 is a perspective view showing one of a series of 
special modules that define a flow distribution channel or space 
within the filter bed support assembly, and indicating one of a 
pair of slide gates that can be positioned to various depths 
within slots of the special module. 

Fig. 3 is a schematic side elevation view in perspective, 
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indicating the system of the invention. 

Fig. 4 is a schematic plan view indicating one possible 
arrangement of the flow distribution modules to form a flow 
distribution channel that is so configured to tune the 
distribution of gas throughout the plenum of space under the 
support apparatus, for optimum distribution throughout the 
support area. 

Fig. 5 shows in perspective a corner curtain leg for use 
with the system of the invention. 

Fig. 6 shows in perspective a straight curtain leg for the 
system. 

Description of Preferred Embodiments 

Fig. 1 shows in perspective and somewhat schematically an 
assembly 10 of modules 12, 14, 16, etc to form a filter bed 
platform to support a bed of filtration medium as described 
above, and as described in Patent No. 6,255,102, referenced 
above. Edge closure modules as in Patent No. 6,255,102 are shown 
at 17. A gas inlet is shown at 18, approaching from underground 
and substantially sealed to a flexible sheet 20 which seals the 
gases against passing into the ground. This is the usual 
arrangement for the gas entry; however, the gas can be brought in 
otherwise, such as by the overhead tube 22 indicated in Fig. 1 as 
an alternative and passing through a support module. 



Fig. 1 shows only a portion of a filter bed platform, which 
will normally be made up of many more modules than those 
indicated and will normally be longer in one dimension than the 
other, i.e. a somewhat elongated rectangle. 

The problem of even gas distribution for delivery through 
the filter medium or through a compost pile (not shown in Fig. 1, 
shown at 24 in Fig. 3) is discussed above. Normally the gas 
inlet 18 is located at one end of a large-area, often elongated 
filter bed platform assembly. Gas distribution, without any 
intervening control structure, is uneven in such a circumstance. 
The gas flow out through perforacions or orifices 26 which are 
closest to the gas inlet is far greater than the flow of gas in 
remote regions. The plenum 28 defined beneath the filter bed 
support platform is normally not very tall, on the order about 8 
inches to 12 inches internal vertical clearance, and this 
compounds the problem by creating flow resistance over long 
distances. Within this plenum are a greater number of support 
legs 30, which add some additional resistance. The above 
referenced patent disclosed flow-directing vanes, secured to the 
legs 30, that could be angularly set prior to completion of the 
filter bed support platform, to deflect and direct gases in an 
attempt to distribute the flow evenly throughout the plenum and 
through out the filter medium. However, the vanes were not 
accessible to be reset once the system was erected, so that they 



could not be easily readjusted if the flow turned out to be 
unbalanced. 

In the system of the invention, special filter bed platform 
modules 32 are provided to define a flow channel or flow space 
within the gas plenum, through which gas is primarily directed en 
route to the various areas of the plenum, to be delivered through 
the exit holes 26. One of these special modules or units 32 is 
shown in Fig. 2, and several are shown in Fig. 1. Each such 
module has preferably four legs 40, which may be detachable or 
which might be integrally formed in a rotocasting process, for 
example. The module 32, as well as the other modules 12, may be 
formed of polyethylene or a mix of recycled plastics. The flow 
distribution platform modules 32, which are assembled in a series 
by connection at interlocking edges 42 and 44, define a flow 
channel or space as indicated in Fig. 2 by the arrow 46. The 
space beneath the module 32 is part of the entire plenum 28 of 
space under the entire filter bed platform assembly, but the 
series of assembled flow distribution modules 32 define a 
designated flow channel 46. At left and right sides of 48 and 50 
of the series of modules 32, there is also an air space, 
generally shown at 52. However, that space can be closed, or 
partially closed, by slide gates such as shown at 54. Slots 56 
are formed in generally vertical planes down through the modules 
32 at left and right as shown in Fig. 2, for receiving such slide 



gates. As shown, the slots 56 preferably are defined not only by 
openings through the horizontal platform module 32, but also by 
slots 56a (forming a part of the slot 56) in a back side of the 
forward legs and in a front side (not seen in Fig. 2) of rear 
5 legs. The slide gates 54 are thus guided from the top surface of 
the module 32 down to the surface on which the unit sits, usually 
a flexible plastic sheet 20 such as shown in Fig. 1. 

The slide gate 54 in Fig. 2 includes a planar blade-like 
gate portion 58 and a flange or lip 60 at the top of the slide 

10 gate. Dashed lines 62, 64 and 66 on the planar portion 58 

indicate that the gate can be pre-weakened along certain lines, 
to be broken off to the desired size in the field, or can be 
field-cut at any length desired. 

The flow distribution platform module 32 shown in Fig. 2 is 

15 indicated with raised bumps 68 on its surface. These are 

preferably on all modules, to .protect gas exit holes when the 
unit is scraped with an implement such as a front-end loader or 
larger equipment. Also, these bumps preferably are high enough 
to protect the rim or flange 60 of the slide gates 54 from being 

20 damaged. 

Gas exit holes are not shown on the unit 32 in Fig. 2, 
although some exit holes can be included. Generally there will 
be fewer exit holes here than on the remaining field of platform 
modules, since inlet gas pressure is highest in the channel 

12 



beneath these units 32. 

Fig. 3 shows a part of the assembly 10 after placement of 
the organic filter medium compost material 24 over the platform 
assembly, in sectional elevation view. This is as seen generally 
along the line 3-3 in Fig. 1. Tne figure shows that the slide 
gates 54, set as desired prior to addition of the filter medium 
24, will be at different levels as the distance along the flow 
channel 46 progresses. Thus, the slide gates 54 are shown 
progressing from a position closing approximately 75% of the side 
space in a flow distribution unit, then approximately 50%, 40%, 
30%, etc. At the end of the series of flow distribution modules 
32 forming the flow channel 46, the slide gates will not be used. 

Fig. 4 schematically indicates one configuration of a filter 
bed/compost bed platform assembly 10a which can be served by the 
invention. A gas exit hole is shown in dashed lines at 18, 
emerging into the plenum from beneath. A series of assembled 
flow distribution platform modules 32 is shown forming a column 
or row approximately in the middle of the assembly 10a, although 
this line of modules could be to the left or right if need be 
(i.e. lower or higher as seen on the drawing of Fig. 4). The 
slide gates 54, or the slots 56, are also indicated. Directions 
of gas flow are very generally indicated by arrows. 

Figs. 5 and 6 show curtain legs that are applicable to the 
system of the invention. Fig. 5 shows an "L" shaped corner 
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curtain leg 60, with Fig. 6 showing a straight leg 62. The 
purpose of these curtain legs is to engage in leg sockets of the 
platform modules at edges of the support bed and to provide a 
substantial barrier against passage of air or gases out of the 
5 plenum formed under the assembly of bed platform modules. These 
curtain legs thus can replace the edge units shown in Fig. 1. 
Each of the curtain legs may have tapered studs 64 positioned to 
engage in tapered leg sockets of the platform modules, and each 
has a support enclosure structure 66 that closes the plenum space 

10 under the platform modules at peripheral edges. If the 

biof iltration or compost support system is erected in a space 
with pre-formed walls, such as of concrete, the platform modules 
can be abutted directly against the walls on at least two sides, 
or on three sides if the walls are spaced appropriately for the 

15 system. Often a fourth side of the assembly, or two sides of the 
assembly, need to be closed because they do not closely engage 
against an existing wall. Thus, the curtain legs 60 and 62 are 
used. As shown in the drawings, each leg has a vertical notch 68 
at one end and a complementary shaped vertical ridge 70 at the 

20 opposite end. These engage together on assembly, and this 

connection can be sealed with a flexible sealant if desired. 

The above described preferred embodiments are intended to 
illustrate the principles of the invention, but not to limit its 
scope. Other embodiments and variations to this preferred 
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embodiment will be apparent to those skilled in the art and may 
be made without departing from the spirit and scope of the 
invention as defined in the following claims. 



I CLAIM: 
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